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Abstract—The fair, objective, scientific, and comprehensive evaluation of
teaching quality helps college teachers improve the quality of teaching, and en-
ables colleges to realize their goals of talent training. Therefore, it is important
to find a way to comprehensively evaluate the teaching quality of college teach-
ers. Drawing on the theories of analytic hierarchy process (AHP), this paper
sets up an evaluation index system (EIS) for teaching quality of college teach-
ers, and determines the weight of each index. Taking the teachers of a college
for example, the multi-level fuzzy comprehensive evaluation (FCE) was carried
out to quantify the teaching quality of these teachers. The results show that
AHP and FCE can quantify and qualify the teaching quality at the same time.
The combined use of the two techniques is applicable to comprehensive evalua-
tion of teaching quality, and the assessment of a single factor, offering a com-
plete understanding of the teaching quality of college teachers. The research
provides a scientific way to evaluate the teaching quality of college teachers,
and a realistic tool to enhance the teaching quality in colleges.

Keywords—analytic hierarchy process (AHP), fuzzy comprehensive evalua-
tion (FCE), teacher, teaching quality evaluation

1 Introduction

In China, although the popularization of higher education has satisfied people's
strong desire and ardent demand for higher education, in recent years, as the scale of
higher education expands gradually, the teaching quality of higher education has been
questioned by the public, in view of this issue, Chinese government has now included
the improvement of teaching quality of higher education in the top agenda, and this
issue has become the core task of the development of higher education. Under normal
conditions, teachers, student sources, and school resources are regarded as three main
factors that can affect the quality of teaching; teachers are the executors of teaching
tasks; therefore, they are the key influencing factor of teaching quality of higher edu-
cation [1]. The evaluation of the classroom teaching quality of college faculty is an
important link in the teaching quality management of colleges and universities, it has
very important significance for improving the teaching quality of the faculty and
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efficiency of the school, as a result, quite a few scholars have conducted research on
the comprehensive evaluation of the teaching quality of college faculty.

Teaching assessment has become a separate discipline since the end of the 19th
century, and it develops and improves continuously along with the development of
education [2]. The United States and the United Kingdom have respectively formulat-
ed standards for teacher assessment. The NBPTS standards formulated by the United
States consist of five parts, and the British teacher assessment standards consist of
two parts: teaching practice and teaching effect [3]. In China, although the research on
the teaching quality evaluation of college teachers is quite common already and teach-
ing assessment has been carried out in most schools, these assessment methods are
traditional means such as distributing scoring tables and asking students and experts
to score, and then taking the average scores as the final assessment results [4]. How-
ever, existing teaching quality EISs are flawed, assessment methods are rigescent, the
quantitative analysis of the weights of evaluation indexes lacks evidence, the weight
values are usually determined by a few experts based on their personal experience, the
so-called “quantified” evaluation results make the objectivity and completeness of the
evaluation questionable, and it’s difficult to give fair assessment to the teaching quali-
ty of teachers, which can harm the improvement of teachers’ teaching ability [5].
AHP and FCE are two techniques commonly used in teaching quality evaluation at
home and abroad, both have their respective pros and cons [6].

In order to get more objective and accurate faculty teaching quality evaluation re-
sults, this study proposes to combine AHP with FCE to build EIS, determine index
weights, and give comprehensive assessments to the teaching quality of college faculty.

2 Methodology

2.1 About AHP

AHP is a systematic analysis method that integrates quantitative analysis and quali-
tative analysis, it is applicable to determining the weight coefficients of indexes in
complex problems, the method has many merits, it’s systematic, simple, easy to un-
derstand, flexible, and practical [7]. The basic process is shown in Figure 1 [8].

Build a hierarchical model

!

Construct a judgment matrix

Calculate the weight vector and do the
consistency check

Calculate the combined weight vector
and do the consistency test

Fig. 1. Flow of AHP
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2.2  About FCE

Many indexes are involved in the teaching quality evaluation of college faculty,
however, some of them are fuzzy and have no clear boundaries or specific extensions,
and they cannot be expressed as a definite number [9]. The FCE is an accurate evalua-
tion method for fuzzy things developed based on the basic principles of fuzzy mathe-
matics [10]. From bottom level to top level, the multi-level FCE gives comprehensive
evaluations on each category of indexes level by level, and finally gets the compre-
hensive evaluation results [11]. This method can avoid the inaccuracy problem of
fuzzy calculation when there are too many evaluation indexes. Figure 2 gives the
steps of multi-level FCE [12].

Establish and classify
evaluation index sets

Create comment set

'

Create a weight set

Fuzzy comprehensive
evaluation step by step

Fig. 2. Steps of multi-level FCE

3 Construction of EIS

3.1 Evaluation index analysis

In order to give scientific and objective evaluations, the first thing to do is to de-
termine the evaluation indexes and their specific content, after reviewing relevant
literatures, this study compared, analyzed, and summarized similar EISs in recent
years, and decided to analyze the evaluation indexes and their content from four as-
pects, see Figure 3 [13].

1. Teaching content: Teaching content is the fundamental point for teaching quality
evaluation, and the quality of teaching content directly affects the quality of teach-
ing. Generally, the teaching content-related indexes should contain the following
content: whether the teaching content is in line with the teaching goals of profes-
sional courses; whether the teaching content is clear, comprehensive, correct, and
systematic; whether the teaching content can combine knowledge with specific
ability [14].
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Teaching content

Teaching quality
evaluation index
and content

Teaching effect Teaching method

Teaching ability

Fig. 3. Teaching quality evaluation indexes and their content

2. Teaching method: Teaching methods are the specific means and ways applied by
teachers during the teaching process to achieve the teaching goals and ensure the
imparting of teaching content, with the gradual advancement of education and
teaching reforms, the traditional teaching methods can no longer meet the needs of
modern quality education. Teachers should adopt diverse teaching methods and
tools based on actual situations of teaching goals, teaching content, and students,
and try their best to trigger students’ learning enthusiasm and cultivate their vari-
ous abilities and qualities. When evaluating the teaching methods, there is a saying:
there’re fixed rules in teaching, but the teaching methods shouldn’t be fixed, there-
fore, the evaluation indexes related to teaching method should contain the follow-
ing content: whether the teaching method is diverse and flexible; and whether the
teaching method can meet the actual requirements of students and teaching [15].

3. Teaching ability: Teachers’ teaching ability mainly includes: general ability, lectur-
ing ability, academic research ability, and teaching research ability. Solely from the
perspective of classroom teaching quality, teachers’ teaching ability should in-
clude: the ability to master professional knowledge, the ability to practice, the basic
professional skills (such as language expression ability and textbook explanation
ability), the ability to understand and inspire students, the ability to organize and
manage the classrooms, and the ability to apply teaching methods, etc. [16].

4. Teaching effect: Teaching effect is the result of teaching. Generally, it should in-
clude the following content: the completion of teaching goals; students’ ability, at-
titude, and emotional goals realization; the classroom teaching atmosphere; and
student participation.

3.2  Determination of the subjects of teaching quality evaluation

In order to build a college faculty teaching quality evaluation system with full par-
ticipation and benign interaction and improve the reliability and validity of teaching
quality evaluation, it’s necessary to build the evaluation system with multiple evalua-
tion subjects.
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1. Student evaluation is primary: Students are main participants, objects, and
knowledge receivers in the teaching activities, so they have the most say in teach-
ing quality evaluation. College students have mature minds, independent thinking,
and correct judgement, therefore, they can give objective and accurate evaluations
on the teaching quality of teachers. Students’ evaluation is helpful for teachers to
discover problems existing the teaching process in a timely manner, thus optimiz-
ing the teaching activities and improving the teaching quality. In the evaluation of
college faculty teaching quality, it’s very necessary to determine the primary status
of students [17].

2. Expert evaluation is guarantee: Most colleges and universities have introduced peer
evaluation and expert evaluation in teaching quality evaluation, however, due to
the influence of human relationships, peer evaluation results are easily distorted. In
terms of expert evaluation, professional experts who are experienced in teaching
and familiar with classroom teaching activities are invited by colleges and univer-
sities to form supervisor teams and they are asked to attend 1-2 lectures randomly
each semester, however, since there’re many accidental factors in this lecture su-
pervision mode, still the evaluation results might be one-sided. In order to avoid
these unwanted situations and ensure that the evaluation results are objective, fair,
accurate and effective, this study randomly selected a peer and a supervisor to form
an expert evaluation team, the two team members were asked to score the teaching
quality of a same teacher at different times, if the difference between the two
scores is too large, then the evaluation is considered invalid; if the difference is not
large, then the average score is taken as the final expert evaluation result [18].

3. Teacher self-evaluation is foundation: Teachers are the designers, organizers, and
implementers of teaching activities. Only the teachers themselves know the extent
of their efforts, the progress made by students, and the degree of realization of the
teaching goals best. Self-evaluation is helpful for teachers to timely reflect on the
teaching activities, discover problems in teaching works, adjust the teaching works,
and improve their professional level constantly, therefore, teacher self-evaluation is
a fundamental impetus for improving teaching quality [19].

3.3  EISfor college faculty teaching quality

Based on the analysis in above paragraphs concerning the evaluation indexes, con-
tent, and evaluation subjects, this paper constructed an EIS for college faculty teach-
ing quality, as shown in Figure 4.
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Rich in content, combined with subject development,
Suitable for difficulty(Us11)

Teaching content(U11)

——

Combine theory with practice(U112)

Dissemination of leaming and research
methods(U113)

Diversified teaching methods(U121)

{

Student Evaluation of
Teaching(Us)

Teaching method(U12)

%

—=

-

Teach students in accordance with their aptitude and
flexibility(U122)

Teaching attitude(U13)

Teaching effect(U14)

Serious, responsible and correct attitude(Uz31)

Respect students and fair evaluation methods(U132)

Master professional knowledge and abilities(U141)

Increase interest in learning and develop good
learning related(U142)

Instructional design according to curriculum
standards(U211)

Pay attention to teacher-student interaction(U123) }

Teaching preparation(U21)

—

%

The teaching plan is neat and full of content(U212) }

The teaching progress meets the requirements, and the
important and difficult points are prominent(U213)

)

Effectively organize classroom teaching to mobilize
students' learning enthusiasm(Uz21)

Comprehensive evaluation of
teachers' teaching quality

«{ Expert evaluation(U2) ]—

Classroom teaching(Uz2)

—

%

Flexible teaching methods, teaching students in
accordance with their aptitude(U222)

Teacher self-
evaluation(U3)

Student status(Uz23)

Teaching content(Usz)

Teaching method(Usz)

The teaching attitude is natural, and various teaching
activities are arranged reasonably(Uzza)

Concentrated, no violations such s sleeping, playing
with mobile phones, etc. (U231)

Classroom atmosphere is active and actively
participate in classroom teaching(Uz232)

combines the frontiers of subject development(Us11)

The content is substantial, conforms to the students’ cognitive law, and}

Highlight important and difficult points, combine
theory and practice(Us12)

Flexible and diverse teaching methods(Us21)

.+ -+ 1 r-r-a r-t-1 -1 -1 [T "1

Teach students in accordance with their aptitude and
cultivate students' abilities(Usz2)

Full of emotions and serious teaching attitude(Uss1)
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%

adequate lessons(Usz2)

Teaching effect(Us4)

Caring for and interact with students(U333)

Complete the teaching task(Us4t)
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Familiar with the curriculum standards and prepare }
Achieve the expected teaching goals(Usz2) J

Fig. 4. Structure of the proposed EIS
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4 Teaching quality FCE

4.1  Index weight determination

The weight values of indexes in each level were determined by AHP. To ensure
reasonable weight value distribution of evaluation indexes, 10 experienced experts
from several colleges were invited to construct judgement matrixes using 1-9 scales,
numbers 1, 3, 5, 7, and 9 represent that in the matrix A; is equally important to, slight-
ly more important than, more important than, much more important than, and ex-
tremely more important than A;; and numbers 2, 4, 6, and 8 represent and the degree
of importance is between two adjacent degrees, for example, 2 represents the degree
of importance is between equally important and slightly more important [20].

Table 1. Weight values of teaching quality evaluation indexes

Evaluation subject First-level index Weight Second-level index Weight
Ulll 0.218
utl 0.474 U2 0.497
U113 0.285
U121 0.463
Ul Ul12 0.207 U122 0.296
U123 0.241
U131 0.521
Ul13 0.112
U132 0.479
U141 0.500
ul4 0.207
U142 0.500
U211 0.267
U21 0.194 U212 0.367
U213 0.366
U221 0.237
v2
U22 0.545 U222 0.627
U223 0.136
U231 0.355
U23 0.261
U232 0.645
U311 0.532
U3l 0.166
U312 0.468
U321 0.411
U32 0.331
U322 0.589
U3 U331 0.473
U33 0.215 U331 0.254
U331 0.273
U341 0.342
U34 0.288
U342 0.658
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Taking the teaching content in the student evaluation indexes as an example, a
judgment matrix U11 was constructed by the experts as:

1 1/2 2/3
Uu=| 2 1 2
3/2 1/2 1

The matrix was normalized to obtain Uz :

0.222 0.25 0.182
Uu=[0444 05 0.545
0.333 0.25 0.273

Rows in U1 were added to obtain Wi :

0.654
Wi =|1.490
0.856

W11 was normalized:

0.218
Wu=|0.497
0.285

Calculate A max :

n
aijWij
j=1

S

n i Wi

M

Amax i the maximum eigenvalue of the judgment matrix.
Then the maximum value of the eigenvector of the teaching content matrix in the
student evaluation indexes is A max .

1 aijWij
A== 2
n ; Wj
B l(lx 0.218+1/2x0.497 +2/3x0.285 N 2x0.218+1x0.497 +2x 0.285 + 3/2x0.218+1/2x0.497 +1x 0.285)
3 0.218 0.497 0.285
=3.018
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Perform consistency check:

_ Amax-n 3.018-3

Cl =0.009
n-1 3-1
o
CR = P (2)
where, Rl is random index, by looking up tables it’s known that when n=3,
RI=0.58, and CR:%:%:0.016<0.1, the result passed the consistency

check, indicating that the weight distribution was reasonable, and
W11 =(0.218,0.497,0.285)

For indexes of each level, the calculation method is the same, Table 1 lists the cal-
culated weight values of evaluation indexes.

4.2  FCE of teaching quality
FCE of student evaluation

1. Establish evaluation sets: The second-level evaluation index sets of student evalua-
tion were established as:

U= (Uu,U2,Uns) U =U12,U122,U12s) Uiz =(U1s,U1z2) Una = (U1a1,U142)

2. Establish comment set: Since teachers with different education degrees, work ex-
perience, and professional titles have different teaching levels, this paper referred
to expert opinions and divided the evaluation results of college faculty teaching
quality into four levels: excellent, good, average, and need to be improved, and
then a comment set was established accordingly:

V ={V1,V2,V3,V4} = {excellent, good, medium, It needs to be strengthened} .

3. Establish weight sets According to above calculation results, weight sets of student
evaluation indexes were established:

Wi ={0.218,0.497,0.285) Wi ={0.463,0.296,0.241} Ws={0.521,0.497
W4 = {0.500,0.500}

4. Establish the judgement matrix of membership degree

Ri = {I'il, riz-+-, rim}
- The number of people who choose level vi for the i index
"~ The total number of people participating in the evaluation ®)

300 students from a university were invited to evaluate the teaching quality of a
teacher X, after the results were sorted out and analyzed, judgement matrixes of
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membership degree of teaching content, teaching method, teaching attitude and teach-
ing effect were constructed, here the judgement matrix of membership degree of
teaching content is taken as an example for calculation and analysis.

The evaluation matrix of membership degree of teaching content is:

0.21 0.64 0.12 0.03
Ru=(0.26 062 012 O
0.11 033 0.32 0.24

5. Secondary FCE
The teaching content was subject to secondary FCE:

0.21 0.64 0.12 0.03
S1u=WuxRu={0.218,0.497,0.285} x| 0.26 0.62 0.12 0
0.11 033 0.32 0.24

= {0.2064, 0.5417,0.1770, 0.0749}
S uwas normalized to get: Su={0.2593,0.6466,0.1819,0.0041}

The same calculation method was adopted to obtain the evaluation value of the
membership degree of teaching method:

Si2= {0.3045, 0.3913,0.2824, 0.0218}

The evaluation value of the membership degree of teaching attitude is:

S1={0.5443,0.2654,0.1790,0.0113}

The evaluation value of the membership degree of teaching effect is:

S1s ={0.4543,0.3266,0.2157,0.0034}

6. Primary FCE: Establish primary fuzzy comprehensive matrix of student evalua-
tion:

Su 0.2593 0.6466 0.1819 0.0041

A Si2| |0.3045 03913 0.2824 0.0218
"“|su| | 05443 02654 01790 0.0113

Su 0.4543 0.3266 0.2157 0.0034
Perform primary FCE:

Wi= {0.474, 0.207,0.112, 0.207}
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0.2593 0.6466 0.1819 0.0041
0.3045 0.3913 0.2824 0.0218
0.5443 0.2654 0.1790 0.0113
0.4543 0.3266 0.2157 0.0034

S1=Wi«Ri= {0.474, 0.207,0.112, 0.207} X

={0.3406,0.4839,0.2168,0.0084}

After normalization, the vector of primary FCE of student evaluation was obtained:

Si= {0.0465, 0.6507,0.2915, 0.0113}
FCE of expert evaluation. Using the same calculation method, the evaluation values

of the membership degree of secondary FCE of expert evaluation and teacher self-
evaluation were obtained:

Teaching preparation: Sz1 = {0.2453,0.4321,0.3102,0.0124}
Classroom lecturing: Sz = {0.5532,0.3174,0.1235,0.0059}

Student status: Szs = {0.4572,0.3428,0.1978,0.0042}

Perform primary FCE:
W2= {0.194, 0.545, 0.261}

0.2453 0.4321 0.3102 0.0124
S2=W2«Rz={0.194,0.545,0.261} x| 0.5532 0.3174 0.1235 0.0059
0.4572 0.3428 0.1978 0.0042

={0.3640,0.4003,0.3766,0.3189}

After normalization, the vector of primary FCE of expert evaluation was obtained:
S2= {0.2493, 0.2742,0.2580, 0.2185}

FCE of teacher self-evaluation. In the same way, the evaluation values of the
membership degree of secondary FCE of teacher self-evaluation were obtained as:

Teaching content: Sz = {0.2543,0.3015,0.3468,0.0974}
Teaching method: Sz = {0.3145,0.3596,0.2016,0.1243}
Teaching attitude: Sss = {0.2987,0.4252,0.2118, 0.0643}

Teaching effect: Sss ={0.1984,0.2138,0.3443,0.2435}
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Perform primary FCE:
Ws= {0.166, 0.331,0.215, 0.288}

0.2543 0.3015 0.3468 0.0974
0.3145 0.3596 0.2016 0.1243
0.2987 0.4252 0.2118 0.0643
0.1984 0.2138 0.3443 0.2435

S'3=Wa.Rs ={0.166,0.331,0.215,0.288}

={0.2677,0.3221,0.2719,0.1413}

After normalization, the vector of primary FCE of teacher self-evaluation was ob-
tained: Ss= {0.2669, 0.3211,0.2711, 0.1409}

4.3  FCE of teaching quality

Experts and teachers with rich teaching and management experience were selected
and actual conditions of the colleges and universities were combined to determine the
evaluation weights of student evaluation, expert evaluation, and teacher self-
evaluation as W = {0.5,0.3,0.2}. The FCE matrix established based on each evalua-
tion subject is:

S1 0.0465 0.6507 0.2915 0.0113

R=41S2;=|0.2493 0.2742 0.2580 0.2185

Ss 0.2669 0.3211 0.2711 0.1409

The FCE vector is:

0.0465 0.6507 0.2915 0.0113
S=WxR={050302}x| 02493 0.2742 0.2580 0.2185
0.2669 0.3211 0.2711 0.1409

= {0.1649,0.4718,0.2774,0.0994}

In order to quantify the teaching quality of teachers and get the evaluation scores,
values were assigned to the comment set as:

V ={V1,V2,V3V 4} = {excellent,good, medium, It needs to be strengthened
—{95,85,75,65)

The final evaluation score of the teaching quality of teacher X is:
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95
85
A=SxVT ={0.1649,0.4718,0.2774,0.0994! x =83.0345
75
65

According to the FCE results, the teaching level of this teacher is higher than the

average level, and is close to the good level.

5

Conclusions

The teaching quality evaluation of college faculty is a multi-index comprehensive

evaluation process. This study integrated AHP and FCE to research the comprehen-
sive evaluation methods of college faculty teaching quality, and obtained following
conclusions:

1.

6

This paper analyzed the evaluation indexes, the index content, and the evaluation
subjects of college faculty teaching quality, and pointed out that the evaluation in-
dexes should include four aspects of teaching content, teaching method, teaching
attitude, and teaching effect; the evaluation should take student evaluation as pri-
mary, expert evaluation as guarantee, and teacher self-evaluation as foundation.

. This paper proposed a new EIS for college faculty teaching quality, and used AHP

to determine the weights of each index.

. Taking a teacher X in a university as an example, this paper adopted multi-level

FCE to score teacher X’s indexes, and obtained the final evaluation score of this
teacher after quantification. By combining qualitative analysis and quantitative
analysis, this paper overcome the subjectivity and arbitrariness of traditional teach-
ing quality evaluation, and accurately and comprehensively evaluated the teaching
quality of teachers.
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